Introduction
When first introduced into the United States, soybean was used predominately as a summer annual forage legume. Soybean is still consider a viable alternative when supply becomes limiting and additional forage is needed. During the past few years, many forage producers have experienced difficulty establishing alfalfa because of excessively wet or dry springs. Additionally, some loss of established stands has occurred through winter kill. Failure of spring seedings or loss of established stands is usually not apparent until sometime into the growing season. Because of their later planting date than alfalfa, summer annual crops fill an important role in the forage supply of the Midwest. Additionally, the high energy content in soybean lipids (oil) increases the energy density ofthe forage, which can be ofvalue for supplying the energy needs ofhigh producing ruminants such as lactating dairy cows. In this article, we discuss yield and forage-quality relationships of soybean and point out its potential as feed for ruminant livestock. Because soybean has not been used much for forage recently, such information is limited. First we will make a few introductory comments about forage quality.
For most forages, available energy and protein are the most limiting factors for animal production. Only 40-70% of cell walls are digested by ruminants, whereas the cell contents are nearly completely digested. Thus, most of the energy obtained from good-quality forages comes from the cell solubles contained within the cell walls. Lignification of cell walls is the factor thought to most limit their digestibility. Not only do cell walls limit available energy, they also limit the amount of forage that animals can eat (intake). To evaluate forage quality, therefore, measurement of cell-wall and lignin concentrations is important. Cell-wall concentration is normally estimated by neutral detergent fiber (NDF) determination. High producing animals require higher quality forage than low producing animals. For example, the maximum NDF of diets that will not hinder digestibility and forage intake can be as high as 70-75% NDF in dry matter for mature beef cows and as low as 15-20% NDF for fattening ruminants. The optimal 167 concentration ofNDF in diets of high-producing dairy cows at peak lactation is 27-29% (Buxton and Mertens, 1995 (Buxton and Mertens, 1995) . Leafblades may have up to twice as much crude protein as stems and are much more digestible. Soybean pods may have more than 25% crude protein because of the high protein levels in seeds.
Most plants have high forage quality when very young but available energy and protein concentration decrease as plants advance in maturity. With advance in maturity, the leaf/stem ratio of forages usually decreases, which contributes to the lower quality. Additionally, cell-wall concentration within stems and within most leaves increases, and their digestibility decreases with plant maturity.
Yield and Quality of Soybean Forage
Some of the most definitive work on the value of soybean as a forage crop was conducted in southern Wisconsin by Ken Albrecht and associates (Hintz et al., 1992; Hintz and Albrecht, 1994) . They evaluated three soybean varieties planted in two row spacings at two plant densities and harvested at four stages of maturity. The soybean varieties varied in maturity and required varying length of times to reach the designated maturity stages (Table 1) . Table 1 . Time required for three soybean varieties to reach indicated maturity stage (adapted from Hintz et al., 1992) .
Reproductive Variety
Corsoy 79b Williams 82c (Ritchie et al., 1982) .
The work in Wisconsin demonstrated that maturity stage at time of harvest had a greater effect on yield and quality of forage than any of the other factors evaluated (Table 2 ). Dry matter yields increased with each advance in maturity stage. By R 7 forage yield was 18% greater when soybean was grown in 8-inch rows rather than in 30-inch rows. Crude protein concentration declined from Rl to R3 and increased from R5 to R7. Neutral detergent fiber and lignin concentrations increased from Rl to R5 and then decreased from R5 to R7. Hintz et al. (1992) attributed these changes to increase in seed weigh off-setting the decline in forage quality of vegetative plant parts. Stage of maturity also had the greatest impact on dry matter partitioning among the plant parts (Table 3 ). The leaf fraction decreased from R1 to R7. The stem portion increased from Rl to R5 and declined between R5 and R 7 as the pod dry weight increased.
Differences among varieties for yield and forage quality were related the maturity group of the variety. When harvested at R7, the earliest maturing variety, Corsoy 79, produced 17% less forage than Williams 82, the latest maturing variety (Table 4) . Forage from Williams was lowest in crude protein and highest in NDF and lignin. This seems to have occurred because Williams, with its late maturity, partitioned less dry matter to pods (Table 5) . Effect of maturity stage on average proportion of leaf, stem, and pod of three soybean varieties (adapted from Hintz and Albrecht, 1994) . Stage of maturity had the greatest effect on the nutritive value of soybean plant parts. Neutral detergent fiber and lignin concentrations of leaves and stems generally increased with maturity and crude protein concentration of leaves generally decreased. In stems, however, crude protein concentration was relatively unchanged between R1 and R5 and then decreased by R7 (Hintz and Albrecht, 1994) . By R7 the crude protein concentration was highest in pods and lowest in stems (Table 6 ). The NDF and lignin concentrations were lowest in pods and highest in stems. Proportion leaf, stem, and pod of three soybean varieties at the R 7 stage of maturity (adapted from Hintz and Albrecht, 1994) . Quality-related characteristics of soybean leaves, stems, and pods at R7 stage of maturity (adapted from Hintz and Albrecht, 1994) . (1983) noted that digestibility of soybean leaf blades and pods was near 70% at all stages of maturity. Stems and petioles ranged between 40 and 50% digestibility with lowest values in both the most immature and mature stages. Digestibility of the total forage was nearly constant during the season because of the increasing contribution of the pods late in the season.
Plant part Leaf Stem Pod ------------------% of total dry matter ----------------
In 1994, we initiated studies to investigate forage characteristics of soybean in central Iowa. We studied 13 soybean lines developed specifically for forage production by Tom Devine ofthe USDA Agricultural Research Service in Beltsville, MD and five check varieties. Plants were grown in 30-inch rows and samples collected biweekly. Maturity group ofthe varieties ranged from II to VIII (Table 7) . By 116 days after planting, the better forage soybean lines had yields that were greater than any of the check varieties. These lines are slightly later in maturity than Hutcheson and were similar in dry matter partitioning to this variety. These lines were more than six feet tall when mature and had relatively low lodging scores. Pod yields were much less than for the adapted grain varieties. We repeated the study in 1995 but results are not yet available. None of the lines have been evaluated for forage quality yet. The portions of plant parts suggests that forage quality may be lower than that for the grain varieties. However, the quality may be adequate for moderately producing animals. 
Harvesting
There is little information about the best method for harvesting soybean forage. Drying of stems for preservation as hay may be a problem because oftheir thickness and because of the large amount of forage to be dried. Also, Hintz et al. (1992) noted that soybean hay may be subject to a high degree of sorting by animals as they select leaves over stems. We are currently evaluating ensiling of forage soybean. This may overcome many of these limitations.
Conclusions
Leaves and pods of soybean are much more digestible than the stems. Digestibility of stems decreases substantially beginning with pod development, but the increasing amount of highly digestible pods counteracts the effect of the stems on digestibility of total soybean forage. Likewise, percentage protein in soybean forage does not decrease with maturity as much as for most other forage plants because the seed contain 35-40% protein. Yields of soybean forage increases to about the R7 stage of development. For this reason, most have recommended that soybean forage be harvested at the R6-R7 stages (Munoz eta., 1983 ; Hintz et al., 1992; Hintz and Albrecht, 1994) . Hintz et al. (1992) concluded that soybean forage harvested at R7 is comparable in crude protein, NDF, and lignin to alfalfa hay harvested at the early bloom stage.
Varieties utilized for forage may be those adapted for grain production or slightly later in maturity to take advantage of the higher yield potential of these varieties. Hintz et al. (1992) note some caution in feeding large amounts of vegetable lipids to ruminant livestock because it may decrease intake and reduce fiber digestion. They recommend that soybean forage harvested at R 7 should be limited to no more than 50% of the total ration dry matter.
